Introduction
Thalidomide, a drug previously used to treat vomiting during pregnancy was withdrawn from the global market because it caused birth defects including severe fetal limb malformations in approximately 12,000 children (Matthews et al., 2003) . Since the mid-1960s, thalidomide has shown potential for the treatment of erythema nodosum leprosy and was approved by the FDA in 1998 and re-marketed for the treatment of moderate and severe erythema nodosum leprosy (Hall et al., 2003) . Thalidomide has immunomodulatory (Haslett et al., 1998; Yang et al., 2010) , anti-inflammatory and antiangiogenic effects (Direskeneli et al., 2008; Liu et al., 2009) , and inhibits tumor necrosis factor-α (Sampmo et al., 1991; Majumdar et al., 2002) . In addition, it has been used to treat a variety of diseases, such as refractory multiple myeloma (Tosi et al., 2005; Mark et al., 2014) , systemic onset juvenile rheumatoid arthritis (García-Carrasco et al., 2007 ), Behçet's disease (Direskeneli et al., 2008) and immune diseases.
Thalidomide has been used to treat ankylosing spondylitis (AS) for over ten years (Huang et al., 2002; Zhu et al., 2010) and achieved good outcomes. However, thalidomide-induced peripheral neuropathy has attracted much concern because some patients suffering peripheral neuropathy discontinue medication. Previous studies have reported the neurological toxicity of thalidomide in patients with multiple myeloma (Tosi et al., 2005) and cutaneous lupus erythematosus (Frankel et al., 2013) , but the conclusions remain controversial. Increasing evidence has indicated the probability and onset time of thalidomide-induced peripheral neuropathy in AS patients, as well as a correlation between peripheral neuropathy and patient age and sex, as well as with the dose and duration of treatment. The present study aimed to observe the incidence of thalidomide-induced peripheral neuropathy in AS patients, and explore the relevant factors of peripheral neuropathy pathogenesis.
Subjects and Methods

Subjects
A total of 367 AS patients were recruited from the Department of Rheumatology and Immunology, Shengjing Hospital of China Medical University (Shenyang, Liaoning
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Province, China) between January 2007 and June 2012.
Inclusion criteria
Diagnosis of AS was defined according to the modified New York criteria (1984) for AS. Patients were unable to accept biological therapy. In the thalidomide group, 238 AS cases were treated with thalidomide alone or as a combination of thalidomide with other antirheumatic drugs (Sulfasalazine, Shanghai Zhongxi Pharmaceutical (Group) Co., Ltd., Shanghai, China; Methotrexate, Shanghai Sine Pharmaceutical Co., Ltd., Shanghai, China; Leflunomide, Cinkate Corporation, USA), and also received intermittent nonsteroidal anti-inflammatory medication. In the non-thalidomide group, 129 AS cases were treated with non-steroidal anti-inflammatory drugs alone or a combination of non-steroidal anti-inflammatory drugs with other antirheumatic drugs (the same antirheumatic drugs as the thalidomide group). The maximum dose of methotrexate was 15 mg/wk, sulfasalazine was 2.25 g/d, and leflunomide was 20 mg/d. All patients were forced to take effective contraceptive measures during thalidomide treatment. All patients were required to meet the following inclusion criteria: Bath AS Disease Activity Index (BASDAI) values ≥ 4 and a spondylalgia visual analogue scale score ≥ 4 points. Written informed consent and an agreement to use contraceptive measures during the period of study were obtained from all patients.
Exclusion criteria
Patients with a history of severe diseases of the heart, liver, kidneys and other vital organs, or blood, diabetes mellitus and other endocrine system diseases; nulliparous young women, pregnant women and lactating women; or patients with peripheral neuropathy history and performance were excluded from the study. All patients or their relatives were informed of and agreed to the experimental regimen.
Methods
Drug interventions
Thalidomide (25 mg/tablet; Changzhou Pharmaceutical Factory Co., Ltd., China) was orally administered as a draught before sleep. The initial dose of thalidomide was 25 mg per day, and was then increased by 25-50 mg per day every 7 days, to a maximum dose of 100 mg per day. The medication was withdrawn when peripheral neuropathy developed, and was then changed to neurotrophic treatment.
Evaluation index
General information of patients in the thalidomide group and non-thalidomide group was analyzed and compared. General information included the mean age, gender, mean disease duration, human leukocyte antigen-B27 (HLA-B27) positive rate (HLA-B27 is an indicator of AS laboratory tests, HLA-B27 positive rate is 6-8% in normal people and 90% in AS patients), mean Bath Ankylosing Spondylitis Disease Activity Index (BASDAI; a range of 0-10 points, a higher score indicates more severe disease symptoms), and mean visual analogue scale (VAS) score (a range of 0-10 points, a higher score indicates more obvious pain). The incidence of thalidomide-induced peripheral neuropathy in the thalidomide and non-thalidomide groups was calculated. The number of AS patients suffering peripheral neuropathy in the first 6 months after treatment (medication time < 6 months) and in those at 6 months after treatment (medication time ≥ 6 months) was compared. The mean age, gender composition and daily dose of AS patients with or without peripheral neuropathy in the thalidomide group was compared. The incidence of peripheral neuropathy among different doses of thalidomide treatment was calculated.
Statistical analysis
Measurement data are expressed as the mean ± SD. Count data are expressed as a percentage. Data were analyzed using SPSS 13.0 software (SPSS, Chicago, IL, USA). Differences between the two groups were compared using the two-sample t-test and chi-square test. P < 0.05 was considered statistically significant.
Results
Quantitative analysis and baseline information of subjects A total of 367 AS patients were included in this study between 2007 and 2012; 44 cases were lost in the 1-year course of treatment due to poor efficacy, while the remaining 323 cases completed the whole course of treatment and were divided into two groups. There were 207 AS patients in the thalidomide group, including 53 cases receiving thalidomide alone and 154 cases receiving a combined treatment of thalidomide and other antirheumatic drugs (sulfasalazine, methotrexate and leflunomide). There were 116 AS patients in the non-thalidomide group, including 22 cases receiving non-steroidal anti-inflammatory drugs alone and 94 cases receiving a combined treatment of non-steroidal anti-inflammatory drugs and other antirheumatic drugs. General information of patients in the thalidomide and non-thalidomide groups is shown in Table 1 . There was no significant difference in the mean age, gender, disease duration, HLA-B27 positive rate, BASDAI score and VAS score between the two groups (P > 0.05).
Incidence of thalidomide-induced peripheral neuropathy in AS patients
AS patients developed distal limb numbness, dysesthesia, muscle weakness, hypotonia, and tendon reflex decline after thalidomide treatment. Peripheral neuropathy was detected by electromyogram. The incidence of peripheral neuropathy was 10.61% (22/207) in the thalidomide group, which was significantly higher than in the non-thalidomide group, 1.72% (2/116) (P < 0.01). Thalidomide treatment was discontinued immediately after peripheral neuropathy occurred, and patients were changed to neurotrophic therapy and symptoms were reversed.
Onset time of peripheral neuropathy in the thalidomide group
In the thalidomide group, 22 AS patients developed peripheral neuropathy and were further assigned to two subgroups.
Among them, 14 cases developed neuropathy after medication for < 6 months (< 6 months subgroup) and 8 cases after medication for ≥ 6 months (≥ 6 months subgroup). The percentages of AS patients in the two subgroups were calculated and the < 6 months subgroup had a lower percentage of AS patients than the ≥ 6 months subgroup (36.4% vs. 63.6%), although the difference was not statistically significant (P > 0.05).
The incidence of peripheral neuropathy in the thalidomide group Twenty-two of 185 AS patients developed peripheral neuropathy after thalidomide treatment. There was no significant difference in the mean age, gender, or daily dose between the two groups (P > 0.05; Table 2 ).
As shown in Table 2 , there was no significant difference in patient mean age or gender composition between the two groups. The dose of thalidomide in the AS patients with peripheral neuropathy was higher than that without peripheral neuropathy, but the difference was not statistically significant. Therefore, we calculated the incidence of peripheral neuropathy after different doses of thalidomide treatment (Table 3) .
Results showed that as the daily dose of thalidomide increased, the incidence of thalidomide-induced peripheral neuropathy increased. Statistical analysis demonstrated a significant difference in the incidence of peripheral neuropathy between those receiving a dose of 25 mg/d and 100 mg/d of thalidomide treatment (P < 0.05), while no difference was found among the other groups. BASDAI score (point) 5.1±1.5(4.0-9.9) 4.9±1.4(4.0-9.1) VAS score (point) 6.0±1.1(4.0-9.5) 6.0±1.3(4.0-10.
3)
The data are expressed as the mean ± SD except for gender and HLA-B27 positive rate. HLA-B27: Human leukocyte antigen-B27; BASDAI: Bath ankylosing spondylitis disease activity index; VAS: visual analogue scale. 
Discussion
Nonsteroidal anti-inflammatory drugs combined with functional exercise contribute to mitigate AS symptoms (Dougados et al., 2001 ; Van der Heijde et al., 2005) , but are ineffective in controlling severe AS. Sulfasalazine has therapeutic effects for the treatment of peripheral joints and enthesitis, but fails to cure the central axial joint (Clegg et al., 1996) . Biological agents can rapidly alleviate AS disease conditions (Brandt et al., 2000; Van den Bosch et al., 2000) , but their high cost is unacceptable for long-term continuous medication. Huang et al. (2002) reported the potent efficacy of thalidomide for the treatment of refractory AS and its biological mechanisms were associated with the inhibition of tumor necrosis factor-α gene expression. Subsequent studies suggested that thalidomide reduced the recurrence of AS in patients following the discontinuation of etanercept (Deng et al., 2013) . A long-term thalidomide intervention was shown to be effective and safe for the treatment of refractory AS, and the therapeutic effect was enhanced along with the medication time (Zhu et al., 2010) . Thalidomide-induced peripheral neuropathy is one of the most common adverse reactions during thalidomide treatment. However, the neuropathy-related association with thalidomide remains controversial. Little evidence has been reported for the occurrence and risk factor of thalidomide-induced peripheral neuropathy in AS patients.
In this study, 323 AS patients who were unable to receive biological therapy were included, and were treated with nonsteroidal anti-inflammatory drugs and antirheumatic drugs. Among them, 207 cases received thalidomide treatment while 116 cases did not. The thalidomide-treated cases had a high incidence of peripheral neuropathy compared with the untreated cases, indicating that thalidomide intervention might cause peripheral neuropathy, consistent with previous findings (Briani et al., 2005; Coelho et al., 2005) . Therefore, peripheral neuropathy symptoms such as distal limb numbness, dysesthesia, muscle weakness, hypotonia, and tendon reflex decline should be carefully monitored during thalidomide treatment. The thalidomide intervention should be withdrawn immediately after the above symptoms are detected, to avoid irreversible damage to peripheral nerves.
There are some controversies in the incidence of thalidomide-induced peripheral neuropathy during the treatment of autoimmune diseases. Studies have shown that 25% of 135 dermatologic patients developed symptomatic peripheral neuropathy after treatment with < 125 mg thalidomide (Bastuji-Garin et al., 2002) . Briani et al. (2005) found that 36% of 14 patients with refractory cutaneous lupus erythematosus developed symptomatic peripheral neuropathy after thalidomide treatment with < 100 mg per day. Ochonisky et al. (1994) observed that of 42 dermatologic patients treated with 28-110 mg thalidomide per day, 21% of cases developed symptomatic peripheral neuropathy. In the present study, 207 SD patients were treated with 25-100 mg thalidomide per day, and 10.6% of patients developed symptomatic peripheral neuropathy. This evidence indicated that thalidomide treatment at a daily dose of < 100 mg yielded a lower incidence of peripheral neuropathy and was a safer option compared with a similar dose of thalidomide treatment for dermatologic diseases and lupus erythematosus., A higher incidence of thalidomide neuropathy in patients with dermatologic diseases and lupus erythematosus compared with AS patients receiving a similar dose of thalidomide might be related to the disease-specific pathogenesis mechanisms. The pathological basis of lupus erythematosus is vasculitis; therefore the vessels are more susceptible to drugs that aggravate hypoxic-ischemic conditions in nerve cells and induce adverse reactions of peripheral nerves. Large-scale studies are needed to compare the incidence of peripheral neuropathy among different autoimmune diseases after the same dose of thalidomide treatment, and to explore the pathogenesis mechanisms of thalidomide-induced peripheral neuropathy.
A prospective study of thalidomide neuropathy demonstrated that dermatologic patients were most vulnerable to peripheral neuropathy within 1 year after the initiation of thalidomide treatment (Bastuji-Garin et al., 2002) . In the present study, we analyzed the onset time of thalidomide-induced peripheral neuropathy in AS patients, and revealed no significant difference between the < 6 months of medication and the ≥ 6 months medication subgroups; therefore, it is critical to monitor peripheral neuropathy during the first 1 year of thalidomide treatment. After 1 year or even longer, the incidence of peripheral neuropathy still requires further clinical observation.
Studies reported no significant difference in the mean age of 65 patients with refractory cutaneous lesions of lupus erythematosus with or without peripheral neuropathy after long-term thalidomide use (Coelho et al., 2005) , or in 135 dermatologic patients with or without peripheral neuropathy (Bastuji-Garin et al., 2002) . In this study, we compared the mean age of AS patients developing peripheral neuropathy after thalidomide treatment and found no difference, which was consistent with previous reports. Therefore patient age has no impact on the pathogenesis of thalidomide-induced peripheral neuropathy. Similarly, we compared the gender composition of AS patients developing peripheral neuropathy after thalidomide treatment, which also indicated no significant difference between the two groups. This finding is supported by the results of Bastuji-Garin et al. (2002) . Therefore, patient gender also has no impact on the pathogenesis of peripheral neuropathy. Furthermore, our findings indicated that AS patients with peripheral neuropathy received a higher dose of thalidomide than AS patients without peripheral neuropathy, but there was no statistically significant difference between the two groups. A comparison of daily doses (25, 50, 75 , and 100 mg per day) showed that the incidence of peripheral neuropathy in the 100 mg/g group (21.7%) was significantly higher than in the 25 mg/g group (4.6%). However, there was no significant difference among the other groups. This is similar to the findings of Bastuji-Garin et al. (2002) , suggesting that a higher daily dose of thalidomide therapy might increase the risk of peripheral neuropathy. An increasing daily dose is highly associated with the risk of peripheral neuropathy, and a low dose of thalidomide is suggested to reduce adverse reactions.
Peripheral neuropathy is rarely seen in AS patients. In this study, two patients in the non-thalidomide group developed peripheral neuropathy. A female case with a history of swelling and pain in the ankle and wrist joints was negative for rheumatoid factor and anti-cyclic citrullinated peptide antibodies and her MRI revealed articular facet damage in the ankle joint. This indicated the possibility of AS accompanied with rheumatoid arthritis, which might induce peripheral neuropathy lesions. Another case received oral traditional Chinese medicine prescriptions prior to enrollment, which might influence the development of adverse events. The mechanisms of thalidomide-induced peripheral neuropathy are potentially related to antiangiogenic effects, and the inhibition of blood vessel formation may trigger secondary ischemia and hypoxia of nerve fibers, thus promoting the occurrence of neuropathy. In addition, this mechanism can be explained by the down-regulation of tumor necrosis factor-α, a reduction of nuclear factor κB, the acceleration of nerve cell death, and a decreased quantity of nerve cells. The underlying mechanism of thalidomide-induced peripheral neuropathy needs further exploration.
In summary, thalidomide treatment significantly increased the incidence of peripheral neuropathy in AS patients. Peripheral neuropathy is a major adverse reaction caused by thalidomide, and therefore should be carefully monitored. Thalidomide intervention should be terminated immediately after peripheral neuropathy occurs. Our findings suggest the incidence of thalidomide-induced peripheral neuropathy was similar within the first 6 months and after 6 months of treatment, so the whole 1-year post-treatment timepoint should be closely monitored. In addition, a higher daily dose of thalidomide increased the risk of peripheral neuropathy. Large-scale, long-term observations are needed to analyze the risk of thalidomide-induced peripheral neuropathy, as well as the effects of daily dosing on the pathogenesis of peripheral neuropathy. 
